Magnetically recoverable, semipermieable mirocapsules have been devised forcovalent entrapment ofreactive substances in the intestinal cavity to biomonitor potentially DNA-damagingagents and the effects ofetiologically important components ofthe human diet. These miarocapsules have been shown to trap fivetypes ofagents in wvo, nanely, carcinogen electrophiles, nitrosating agents, mutagens/carcinogens having a planar molecular structure, and as-yet unidentified endogenous crosslinking agents and precursors of reactive osygen species. Substantial alterations in both total metabolites and types of metabolites trapped from [14Cjbenzo(a)pyrene were found to be caused by increasing (within the human intake range) the dietary levels of beef protein and dietary fiber. The system thus responds to a variety of potentially critical agents and in a manner consistent with epidemiologically important dietary modulators for colorectal carcinogenesis. Wrk toward recognizing entrapped endogenous agents has also begun.
Introduction
Because the human diet (1) and gastrointestinal (GI) sites (2) have the major nontobacco roles in human carcinogenesis, the general aim of our work has been the development and use of a system capable of selectively trapping otherwise inaccessible DNA-damaging agents in the human GI tract. To facilitate the short-term molecular identification ofGI carcinogens and their dietary sources, our work has involved devising not only a means ofmonitoring the lower GI tract but also methods to independently test the influences of single components of human diets on (model) carcinogens within the GI cavity. The work reviewed here is the development ofrecoverable microencapsulated targets (3) , their applications in the use of carcinogens and precursors, the first use of human diets altered systematically in colorectal (CR) cancer risk components (4, 5) , and an introduction to the first use of these microcapsules in humans, which is reported in detail elsewhere in this issue (6) .
Since the inconclusive 1987 review by Bruce (7) on postulated determinants of CR cancer, a series of important findings have been made: a) ras oncogene activation andp53 inactivation were found, respectively, in half or most of CR cases (8) ; b) different acetylator status was found for CR cases (9) ; c) the principal ' fecal mutagen (fecapentaene) was demonstrated as a rodent carcinogen (10, 11) and CR cases were found to have a 6-fold lower stool residual concentration of fecapentaene than controls (12) ; d) dietary iron and phytate, respectively, were shown to enhance or decrease 1,2-dimethylhydrazine (DMH)-induced tumorigenesis (13, 14) , and human feces were shown to contain very high levels ofhydroxyl radical generators (15) , all in accord with the hydroxyl radical hypothesis of Graf and Eaton (16) ; e) the protein kinase C activator diacylglycerol was found to be produced by intestinal microflora (17) ; andJ) several studies in humans confirmed the CR-protective effects ofbulking fiber, antioxidant vitamins, and calcium (18) (19) (20) (21, 22) .
Several key features were demonstrated during the early work: a) microcapsules were capable of entrapping substances up to a molecular weight of about 1000 in vitro; b) use ofhemoglobin instead of PEI resulted in microcapsules that were proteolytically unstable, presumably due to hemoglobin molecules within the membrane being available to enzymic attack; c) rats showed no evidence of distress or harm from gavage treatments with the microcapsules; d) microcapsules could be recovered intact by simple magnetic means from the feces; e) the microcapsules could be broken ultrasonically after treatment in vivo with 14C-labeled NMU or methyl iodide, to show a core versus membrane distribution of PEI; J) which in turn was radically altered by changes in membrane formulation; g) microcapsules after GI transit unexpectedly became stronger (more resistant to ultrasonic rupture).
In another study (23) , entrapment in vwvo was shown for an IPadministered carcinogen requiring metabolic activation, dimethylhydrazine (DMH). The time course of trapping showed that microcapsules administered more than 2 hr after injection of DMH trapped relatively much less of the DMH dose presumably because they wvre not in position for biliary-excreted metabolites. For ['4C]NMU administered intrarectally, only microcapsules given by gavage within the time 4 to 8 hr before showed any trapping. That is, the microcapsules had to reach the rectum to be in position to intercept the electrophilic species CAssay types were RA, radioactive counting; C, HPLC; TEA, thermal energy analyzer; M/T, large alteration to ratio membrane/ttal label distribution.
from the fast-decomposing NMU. They were still able to perform such trapping after hours of admixture with intestinal contents.
A more detailed investigation (24) 
Endogenous Cross-Linking and Nitrosating Agents
Further investigation ofthe surprising finding that microcapsules became stronger in the GI tract concluded that this was caused by cross-linking ofavailable PEI amines, leading to both intramembrane reactions and core-membrane cross-linking (26) . Such effects could be produced in vivo with recognized cross-linking agents, and with fecapentaene-12 and 4-hydroxynonenal, which are of interest as potential endogenous carcinogens. This work showed that endogenous cross-linking agents are present extensively within the rat GI tract and were present in both gastric and large bowel sections of chowconsuming F344 rats. These effects were readily detected by measuring the core-to-membrane shift of 14CH3 label in PEI microcapsules, yielding acid-resistant cross-links in the large bowel. A recent study has shown the presence of extensive crosslinking agents presence in humans (6) , with even larger effects obtained by 48 hr anaerobic incubation with fecal slurries. Crosslinking agents are inherently of considerable interest, as they would seem to be bifunctional alkylating, membrane-penetrating agents. Many cross-linking agents are carcinogens (27, 28) , able to activate fos oncogene (29) , and are particularly potent mutagens in Drosophila (30). Although we are not yet able to identify them (indeed there is no other detection system for crosslinking agents), their presence deserves further investigation.
The detection of endogenous nitrosating agents through urinary N-nitrosoproline excretion (31 initiated many studies in this field. Because the pKa of the PEI homologue piperazine renders it much more susceptible to nitrosation than the PEI homologue ofproline (32), the nitrosation of PEI microcapsules was studied (33) . The capsules were found to be nitrosated with a pH profile similar to amides rather than amines, which was of interest because the major nitrosatable substrates at gastric pH are believed to be amides (34) . In vivo nitrosation was demonstrated (33) and preliminary results suggest that they are much more effective in trapping nitrosating agents than proline.
Mutagens and Carcinogens with Planar Molecular Structures
In examining the trapping of ['4C]BaP in vivo, it was found (24) that about 25 % of total radioactivity could be desorbed with the methanol-NH40H mixture used for extracting adsorbed mutagens/carcinogens with a planar molecular structure from blue cotton (35 
Effects of Ingestion of Microcapsules in Rodents
Several studies were undertaken to demonstrate lack ofharm; it should be noted that the human GI tract is exposed to huge numbers ofparticles ofthe size range ofour microcapsules both from dust on vegetables and following the mucociliary clearance from the lungs of inhaled particles. Following five doses of microcapsules, F344 rats showed the same mortality pattern during 120 weeks as historical controls (4) . No translocation out of the GI tract and a 98.7 % recovery of radioactivity were found for rodents treated with radiolabeled microcapsules (37) . Chronic dosing caused no retention in GI structures as seen when examined microscopically.
Presenting DNA-Type Targets to Identify and Discriminate Important DNADamaging Agents and Their Sources
In our approach to the long-standing general problem of how to trap and determine the structure ofas-yet unidentified DNAdamaging agents (38) , we considered the following three limitations: a) the only highly sensitive chemical assay procedures that can provide structural information is mass spectrometry; b) numerous biological/biochemical assay systems can indicate that DNA damage has taken place, but cannot specify what caused the damage; c) it can be expected that a large proportion ofDNAdamaging agents give no tumorigenic or mutational outcome, so that some discrimination is needed. Therefore, as our eventual purpose is to identify dietary risk factors that must be avoided, the choice ofboth target and assay techniques for substances trapped by microcapsules should provide both biological relevance and best chemical specificity for attribution to individual sources. Thus, two types of trapping agent or target are needed; one of low molecular weight that can enable identification for at least several types of adducting substance by MS and/or 32p_ (39) .
A better target substance (I) has been synthesized (38) . While representing the most reactive DNA site dG deoxyribose is replaced by a selectively cleavable diol linker moiety to avoid extensive depurination and/or phosphate hydrolysis with consequent loss of adducted guanine. This has been shown to react with NMU at a rate and giving 06/N7 product distribution similar to dG (McGinnis et al., unpublished data). Sodium periodate cleavage ofthe target linker, followed by NaBH4 reduction to give 9-hydroxyethylguanine has been shown and mass spectrometric assay of this cleaved target and several adducts demonstrated (Farmer et al. unpublished data) .
With the components ofthe first tart system in place, another task is to incorporate DNA or polynucleotides into microcapsules to provide the second target type. Encouraging progress is being made on this task. The problem of intragastric hydrolytic damage can be avoided by using enteric-coated capsules to contain the microcapsules. Such procedures may provide specific duodenal release or colonic release (40) , and thereby some discrimination ofthe GI segment in which microcapsule trapping has occured.
Microcapsule Trapping and Dietary Influences within the Intestinal Milieu
Although many studies have examined substances ofpotential carcinogenic significance in the GI cavity and the complex interactions therein, there is still the problem that altering one component of diet or microflora usually has complex and mostly unknowable consequences to which an observed effect of tumorigenesis or fecal excretion may not be directly related. A second problem is that experimental work within GI milieu derived from commercial rodent diets produces results totally unrelated to human consumption and which could be related neither to the established dietary etiology of human CR carcinogenesis nor later to human studies. Hence, diets of human foods were designed to provide all eight permutations (4 ;Cummings et al., submitted) of independent, 3-fold alterations in daily intakes of the three established CR risk-altering macrocomponents, namely, fat (42) , beef protein (42) , and dietary fiber nonstarch polysaccharide (NSP; 43).
The set of four low-fat human diets (for which available calorific intake was based on UK human food tables) were found to be well accepted and to give the same bodyweight increases in F344 rats, irrespective offiber or beefprotein changes (Cummings et al., submitted). Almost every biochemical parameter measured having relevance to carcinogenesis was greatly different from those in a chow control group (5) . ['4C]BaP was given by gavage, and a set of systematic alterations by fiber and beef protein was found (Table 2 ) for a) average trapping in microcapsules (three doses given in 48 hr), b) the disposition of 14C between cavity contents and microcapsules, and c) the pattern of microcapsule-trapped metabolites as assayed by HPLC (4, 5) . A second study with the corresponding high-fat set (Cummings et al., submitted) in F344 rats showed some differences that may be attributable to a fat-fiber interaction. Overall, 3- (44) did not show such striking differences in microcapsule trapping at 24 hr after gavage, the time chosen for sacrifice in order to measure colonic nuclear alterations (Table 2) . These showed large diet-dependent differences, as did the pattern of BaP metabolites extracted from the microcapsules (44) , but the small fraction of BaP dose present in feces (24-39%) gives rise to caution about relative effects ofthe first-pass BaP metabolites versus those transiting later after duodenal absorption and enterohepatic circulation and metabolism. Dietary influences on the pharmacodynamics ofBaP or other carcinogens have influenced the diet dependence ofboth the effective mucosal exposure and this snapshot of microcapsule trapping. Further work (Incaurgarat et al., unpublished data) was undertaken to check the dependence on time, GI location, and diet of microcapsule and mucosal DNA adduct formation by ['4C]BaP in F344 rats. As the microcapsules are moved by peristalsis through successive GI locations, and appear in feces, HPLC assay of extracts from microcapsules ( Fig. 1) showed that BaP products within the microcapsules are progressively altered. The proportion ofdesorbable products decreased from 81 to 26% on passing from stomach to feces. Adduct formation within the large bowel was measured at 24 hr after gavage and the mucosal DNA adducts and those formed within microcapsules recovered from the contents of the cavity showed good correlation (r = 0.86, p < 0.005).
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